We have determined the sequence of the inverted repeats and duplicated target DNA of the halobacterial insertion elements ISH2 (520 bp), ISH23 (900 bp) and ISH24 (3000 bp) associated with bacterio-opsin (bop) mutants. ISH2 has a perfect 19 bp inverted repeat (3,5), while both ISH23 and ISH24 have imperfect inverted repeats of 29 bp and 14 bp respectively. ISH23 was shown to be highly homologous to ISH50 (6). Variable lengths of duplicated target DNA are found when ISH2 and ISH23 (ISH50) transpose into different sites. A 550 bp DNA insert ("ISH25") reverts the Bop mutation caused by ISH24. "ISH25" lacks typical structural features of a transposable element. "ISH25" and ISH24 are found adjacent to each other upstream of the bop gene. An identical arrangement of "ISH25" and ISH24 is found in the cccDNA of II. halobium NRC817. Comparative sequence analysis of both areas suggests that the translocation of "ISH25" to the bop gene region occured by a recombination event.
INTRODUCTION
Insertions are the major cause of mutations affecting the bacterio-opsin (bop) gene which encodes the apo-protein of bacteriorhodopsin in the purple membrane of Halobacterium halobium (2) . Six different insertions associated with Bop mutants have been isolated (ISH1, ISH2, ISH23, ISH24, "ISH25", and ISH26; [1] [2] [3] [4] . With the exception of ISH26 these insertions have been described as to their copy number, distribution and transposability in the genome of R.
halobium (5) . Two insertion elements (ISH1, ISH2) have been completely sequenced (1, 3) . ISH1, a 1118 bp element integrates into a unique sequence at the 5' end of the bop gene. At least fifteen Bop mutants have ISH1 integrated at this same site in both possible orientations (1,2,5 and our unpublished results). ISH2, a 520 bp element integrates into at least eight different positions within or upstream of the bop gene (2,3,5 and our unpublished results). A reversion of the Bop mutation caused by ISH24 is the result of an additional insertion ("ISH25") adjacent to ISH24 (5) . In this paper we present the nucleotide sequences of ISH2 integration sites in additional mutants, a characterization of the insertion elements ISH23 and ISH24, and report on the nature of a revertant of the ISH24 mutant.
MATERIALS AND METHODS

Materials: Y[
32 P]ATP (2-3000 Ci/mMol) was obtained from Amersham. Calf intestine alkaline phosphatase and T4 polynucleotide kinaee were obtained from Boehringer-Mannheim. Restriction endonucleases were from New England Biolabs.
Mutants and Strains: Mutants IV-3, IV-4, IV-10, IV-12 were isolated by G. Weidinger as described (7) Fragments containing integration sites of insertion elements were sequenced on one strand. Sequences upstream of the bop gene presented have been confirmed on both strands. Autoradiography was done at -70°C for 1-10 days using Kodak X-Omat AR5 film and Dupont Cronex Lightning-plus intensifying screens.
RESULTS
Insertion elements (ISH2, ISH23 and ISH24) cloned from various Bop mutants have been characterized by restriction mapping and sequence analyses of their integration sites. These elements have terminal inverted repeats which are flanked by direct repeats of duplicated target DNA (see Fig. 1 and Table 1 ).
a) ISH2
ISH2 is the most frequently occurring insertion element associated with to the bop gene (data not shown).
The complete nucleotide sequence of ISH2 has been determined (3). There is a perfect 19 bp inverted repeat ( Fig. 1 ) and in three insertion events the target DNA duplication is either 10 bp or 20 bp (3; see Table 1 ). We have sequenced both terminal regions of ISH2 in mutants IV-3, IV-12 and M18, and the length of duplicated target DNA in these mutants is either 10 bp or 11 bp (see Table 1 ). The inverted repeats and additional ISH2 sequence determina- Fig. 1 and Table 1 ).
Recently, the complete sequence of a 996 bp insertion element (ISH50) has been determined (6). This insertion element was isolated from the 50 kb cccDNA of the Vac strain Rl. Comparison of the ISH50 sequence with a partial DNA sequence of ISH23 as well as restriction maps of these elements indicates a high degree of homology (Fig. 2) . The inverted repeats of these elements are identical, but restriction map analysis of ISH23 in comparison with the computer generated restriction map of ISH50 reveals some possible nucleotide polymorphisms (see Fig. 2 ). The target sites of ISH23 (9 bp) and ISH50 (8 bp) have no apparent homology (see Table 1 ). (Fig.   1 ). This insertion event has a duplication of 7 bp of target DNA ( Table 1 ).
The ISH24 mutant Is particularly Interesting because it is the only Bop mutant from which revertants could be Isolated. The two revertants obtained from screening 10,000 colonies are both the result of a translocatlon of a 550 bp sequence ("ISH25") rather than a deletion of the initial ISH24 insertion, and they appear to be identical (2). ISH24 and "ISH25" are contiguous in the revertants. Restriction maps of ISH24 and "ISH25" are given in Fig. 3 .
Nucleotide sequencing at the integration site of "ISH25" revealed that "ISH25" is upstream of the inverted repeat (IR,) of ISH24. No terminal inverted repeats nor duplicated target DNA were found with "ISH25" (Fig. 4b) confirming a preliminary observation that "ISH25" might not be a transposable element (5) . Furthermore, when the sequences from mutant and revertant were compared, there was a difference in the DI^ associated with ISH24, i.e. a deletion of five base pairs in the DR L of ISH24 (5'CACGA 3'; see Fig. 4 a,b) .
One of the two copies of ISH24 located on pHHl, the main cccDNA species of H. halobium NRC817 (9) , is closely associated with "ISH25" (5; see Fig. 5 ).
The nucleotide sequence determined for the Junction of "ISH25" and ISH24 in pHHl fragment E7 is identical to that found In the revertant (Fig. 4b,c) . A sequence of 8 bp (1 bp mismatch) upstream of "ISH25" in the revertant is homologous to the distal "ISH25" terminus in pHHl (Fig. 4c) . , E7 (7,000 bp), HI (30,000 bp), H10 (3,300 bp) and H8 (7,800 bp). Hybridization experiments using a nick-translated 32 P-labeled internal fragment from "ISH25" (430 bp Sall-EcoRI fragment) and a fragment of ISH24 (800 bp BamHI-Hindlll fragment from mutant IV-4) as probes against Sail, EcoRI and Aval digested P2 revealed hybridization to the same 3800 bp Sail and 2600 bp Aval fragments indicating that "ISH25" and ISH24 are contiguous (data not shown). The two EcoRI fragments E7 and E45 were used for DNA sequence analysis. The arrangement of "ISH25"and ISH24 in the cccDNA of both wild type and revertant is identical. 
